Many anaesthetists have found the size 1.5 classic Laryngeal Mask Airway unsuitable for use in children under 10 kg, whereas recent studies evaluating the ProSeal Laryngeal Mask Airway (PLMA) show high success rates, even during laparoscopic surgery. Our routine practice has been to use tracheal intubation for inguinal herniotomy in children weighing less than 10 kg. Following the introduction of the PLMA to our hospital, we decided to audit our use of the PLMA 1.5 in this group of patients.
The ProSeal Laryngeal Mask Airway (PLMA) was first described in 2000 as a modification of the classic LMA (cLMA) 1 . Studies have shown the PLMA to be an effective airway device in children during both spontaneous and positive pressure ventilation [2] [3] [4] [5] [6] [7] [8] , and more recently as an alternative to tracheal intubation for laparoscopic surgery 9 . However, data on clinical use of the size 1.5 PLMA is limited 7, 9, 10 .
The PLMA has several advantages over the cLMA, namely an improved cuff seal, reducing gastric inflation and enabling positive pressure ventilation at higher pressures. The PLMA drain tube allows gastric contents (including air) to be drained, enables diagnosis of malposition and facilitates early identification and treatment of gastric regurgitation 11 .
The PLMA is Conformité Européenne (CE) marked and therefore licenced for use throughout the European Union, and was only made available in the UK in 2007.
We introduced the PLMA into our hospital in 2007 and, using it as an alternative to the cLMA, found it effective and easy to use, even in children less than 10 kg 12 . For children under 10 kg, many anaesthetists have found the size 1.5 cLMA to be unsuitable [13] [14] [15] . Recent studies that have evaluated the PLMA, including size 1.5, show high success rates 7,10 even during laparoscopic surgery 9 . Our routine practice had been to use tracheal intubation for this group of patients. With this change of practice we decided to audit our use of the PLMA 1.5 for inguinal herniotomy in children weighing less than 10 kg.
METHODS
This prospective evaluation was registered with the Clinical Audit Department as part of our routine clinical governance. Patient consent was deemed unnecessary for this CE marked device which was already being used elsewhere in our hospital. We included 20 consecutive infants, less than six months of age and weighing 5 to 10 kg, who presented to one Size 1.5 ProSeal laryngeal maSk in infantS under Six monthS Anaesthesia and Intensive Care, Vol. 37, No. 6, November 2009 of four named consultant anaesthetists (MW, PS, SS, GB) for inguinal hernia repair. The PLMA was inserted by the named consultant. The PLMA was not used in infants who were ASA iV to V, had known airway or upper gastrointestinal tract abnormality, those considered of increased aspiration risk or those at high risk of requiring postoperative ventilation and admission to paediatric intensive care. The weight limits were selected in order to comply with the manufacturer's recommendations.
We recorded demographic data (age, weight, gender, ASA grade), type of induction (gas/ intravenous), drugs administered, number of attempts at insertion (limited to three), insertion technique, ease of insertion, satisfactory airway management for the duration of anaesthesia, correct position of bite-block, correct position of gastric and laryngeal port using "gel displacement tests" 11 and complications. insertion techniques were not specified but were recorded and included index and non-index finger techniques 16 , use of the PLMA metal introducer 16 , 'railroading' over a gum elastic bougie 17 and insertion during jaw thrust with the cuff partially inflated (the technique most commonly used by the four named consultants).
Successful insertion was defined as the ability to insert the PLMA into the infant's mouth and deliver one breath by positive pressure ventilation. Satisfactory airway management suitable for the duration of anaesthesia was assessed by 1) observation of bilateral, symmetrical chest wall movement, 2) a square-wave capnograph trace and 3) clinically relevant leak-free ventilation (defined as an ability to inflate the lungs with pressurecontrolled ventilation set to deliver a tidal volume of at least 6 ml.kg -1 without application of positive end-expiratory pressure at a fresh gas flow rate of less than 1 l.min -1 without collapse of the visible 'bellows' on the anaesthetic machine (Datex-Ohmeda Aestiva ® 5™, GE Healthcare). Leak pressure was determined by closing the expiratory valve of the anaesthesia breathing system at a fixed gas flow of 3 l.min -1 and noting the airway pressure (maximum allowed 30 cmH 2 O) at which equilibrium was reached or an audible leak heard.
Correct positioning of the PLMA (including both airway and drain tubes) was confirmed by observing the position of the bite-block and "gel displacement tests" 11 . Gel displacement tests involve putting a small amount of gel over the drain tube. if the drain tube is correctly positioned, posterior pressure on the soft tissues by a finger placed on the suprasternal notch will result in upward displacement of the gel, and gentle chest compression should not result in displacement of the gel. if chest compression does cause gel displacement, malposition of the drain tube may limit its ability to prevent aspiration in the event of regurgitation, and malposition of the airway tube may cause gastric distension during positive pressure ventilation.
We also recorded the nature of any complications during device use until it had been removed. infants were either allowed to breathe spontaneously or administered pressure-controlled ventilation, depending on the individual anaesthetist's usual practice. No aspect of anaesthetic practice was changed by involvement in this audit.
RESULTS
insertion of the PLMA was attempted in 20 infants undergoing inguinal hernia repair, with a mean age of 14 weeks (range five to 26 weeks) and a mean weight of 5.9 kg (range 5 to 8 kg).
All infants underwent inhalational induction of anaesthesia using sevoflurane. in addition, three children received fentanyl (dose 1 µg/kg), 17 children received caudal anaesthesia and seven children received neuromuscular blockade with atracurium prior to insertion of the PLMA.
The PLMA was inserted successfully at the first attempt in 85% (17/20) of infants. Overall successful insertion occurred in 90% (18/20). The most common method, used in 75% patients (15/20) , was with the cuff partially inflated and/or jaw thrust applied. Outright failure of insertion occurred in one child (age four months, weight 8 kg) in whom insertion failed despite attempts using the metal introducer and 'railroading' the PLMA over a gum elastic bougie. The child underwent tracheal intubation.
Tests of satisfactory airway management and correct positioning were performed in the 19 children in whom the PLMA was successfully placed. Clear chest excursion occurred in 95% (18/19), squarewave capnography in 63% (12/19) and leak-free ventilation in 79% (15/19 Overall satisfactory airway management for the duration of anaesthesia was achieved in 90% of infants (18/20) with a failure rate of 10% (2/20). The two failures were outright failure of insertion in a four-month-old infant (described above) and an 11-week-old, 5 kg infant, in whom ventilation was judged inadequate due to poor chest excursion and a large leak on positive pressure ventilation, requiring removal of the PLMA and tracheal intubation. There was only one other reported complication. This occurred in a five-month-old infant in whom transient laryngospasm was noted during performance of caudal anaesthesia. Whether this was caused by the airway device or the stimulus of the procedure is unclear. The laryngospasm resolved on application of positive end-expiratory pressure via the PLMA.
DiSCUSSiON
We found the 1.5 PLMA provided satisfactory airway management for the duration of anaesthesia in 90% of infants less than six months old undergoing inguinal hernia repair. Airway management was excellent in these patients, with high rates of problem-free ventilation and no important complications.
Our first time insertion success rate was 85% (17/20), which is similar to other studies 7, 9, 10 . We found the PLMA was most commonly (75% of cases) inserted with the cuff partially inflated and jaw thrust applied, instead of using the metal introducer. This method has been reported as successful even by inexperienced PLMA users 12 . Different methods of insertion have been used successfully by different authors 7, 10, 16, 17 , but the optimum technique has yet to be determined.
We were unable to maintain a satisfactory airway for the duration of anaesthesia with the PLMA 1.5 in two infants, whereas no such failures are reported in other studies 7, 9, 10 . in one of these infants, we were unable to even insert the PLMA into the mouth (outright failure). in the other infant, the PLMA was initially successfully inserted and the lungs ventilated, but on further assessment of the adequacy of ventilation there was poor chest excursion and a large leak during pressure-controlled ventilation. Therefore, the airway management with the PLMA was deemed unsatisfactory and the trachea was intubated prior to commencement of surgery. Our higher failure rate may be because we studied smaller infants (less than six months old) with a mean weight of 5.8 kg, compared with mean weights of 8.7 kg and 9 kg reported by Wheeler 7 and Goldmann 10 respectively. in Goldmann's study, five out of 30 infants were found to have laryngeal compression on fibreoptic inspection 10 , although this did not cause clinically detectable airway compromise. Such compression may become more significant in smaller infants which could account for our two failures.
Using gel displacement tests 11 , which are part of our standard clinical practice, we found the PLMA to be ideally positioned in 73% of patients (14/19) , although a patent airway was still achieved in 95% (18/19) . Theoretically, if the airway tube is incorrectly positioned, gastric distension may result and if the drain tube is malpositioned it will not provide the same degree of protection from aspiration. Protection from gastric distension and aspiration are reported advantages of the PLMA compared with the cLMA 11 . We would consider a patent airway to be of greater clinical importance, and it seems this can be achieved even with suboptimal positioning of the airway and drain tubes. We noted that in 68% (13/19) of infants the integral bite-block protruded from the mouth. This tended to make the PLMA 'top heavy', so careful fixation was required to prevent accidental dislodgement. Goldmann 10 reported excessive bite-block protrusion in two children (weighing 5.5 and 6 kg) in a study of 30 infants and children with a mean weight of 9 kg. We suggest that incorrect positioning of the bite-block may be of greater relevance in smaller children at the lower end of the recommended weight range. However, young infants are probably incapable of biting hard enough to occlude any type of supraglottic airway device. This makes a large integral bite-block unnecessary and since excessive protrusion makes the PLMA somewhat 'top heavy', this is an area of design that we believe could be improved.
Until we started using the PLMA, our routine management of these cases was with tracheal intubation. We avoided the cLMA in these cases because of concerns over its reliability in maintaining a clear and safe airway during positive pressure ventilation. We now use the PLMA for the majority of infants under six months of age undergoing elective inguinal herniotomy and routinely perform the gel test, ensure clear chest excursion and square wave capnography and evaluate the leak pressure before allowing surgery to commence. The main potential advantages of the PLMA over tracheal intubation are that it is less invasive and lessens the need to use muscle relaxants. The main advantage of the PLMA over the cLMA is an increased cuff seal pressure which reduces gastric insufflation and allows ventilation at higher pressures. We found a mean leak pressure of 24 cmH 2 O (range 15 to 30 cmH 2 O), which is greater than that reported for the cLMA and similar to that found by others investigating the 1.5 PLMA (23 to 26 cmH 2 0) 7, 9, 10 . This makes the PLMA a useful alternative to tracheal intubation, even in small infants. The complications associated with prolonged intubation in intensive care are well described 12 , but the incidence of adverse effects of intubation for short surgical procedures is unclear. However, intubation is more invasive than insertion of a supraglottic airway and is associated with increased airway complications in children with upper respiratory tract infections 18 . Although our small sample size means limited conclusions can be drawn regarding safety, this report adds to the evidence that the PLMA 1.5 can provide an effective alternative to intubation in selected infants 9 .
in conclusion, we found the size 1.5 PLMA provided a satisfactory alternative to tracheal intubation for airway management in 90% of infants less than 10 kg undergoing inguinal herniotomy.
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